The purpose of this study was to examine the effect of different amounts of fat in enteral diets on liver function, liver lipid accumulation, and protein metabolism in septic rats. Sepsis was induced in Wistar rats by cecal ligation and puncture. The rats were divided into four groups and were fed enterally 0% (F0, n=7), 10% (F10, n=7), 20% (F20, n=8), or 30% (F30, n=9) of total calories as fat. The liquid diet consisted of medium-chain and long-chain triglyceride mixtures as the fat sources, casein oligopeptide, and dextrin (100 kcal/100 ml). Infra-duodenum feeding was ended on the 6th day. Serum glutamic oxaloacetic transaminase and glutamic pyruvic transaminase activities, indices of liver dysfunction, were highest in the F0 group, and triglycerides accumulated in the livers of that group, possibly because of the large proportion of carbohydrate in the diet. Value of nitrogen balance was highest in the F 10 group, and serum total protein and albumin concentration were higher in the F10 and F20 groups than in the F0 and F30 groups. The liver protein content in the F10 and F20 groups was higher than in the F0 and F30 groups. Serum triglyceride in the F30 group was about 2 times higher than in the F10 and F20 groups. These results indicate that enteral fat administration in septic rats as 30% of total calories reduced liver dysfunction and liver triglyceride accumulation, but might have been excessive for optimal protein metabolism. Therefore, the preferable amount may range from 10% to 20% of total calories.
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In septic patients suffering from severe infections such as peritonitis, an energy expenditure increase of more than 60% and a typical energy insufficiency occur. Septic patients, therefore, require a high-calorie diet (1) .
Usually, fats are a more effective energy source than carbohydrates and proteins because of their high caloric value, but several investigators consider fat administration ineffective in sepsis because carnitine, which is indispensable for fat oxidation, decreases markedly in the muscle and plasma of septic patients (2, 3) , and lipase activity, which is essential for fat hydrolysis, decreases in muscle and liver (4, 5) . Besides, liver lipid accumulation (6, 7) and liver dysfunction (7, 8) are observed frequently in sepsis. In contrast, recent observations showed that septic patients and animals utilized fat as an energy source preferentially (9, 10) . The effects of fat and the optimal fat/carbohydrate ratio in sepsis still remains controversial.
In this study, we used septic rats to investigate the effects of different proportions (0-30% of total calories) of fats in enteral diets on liver lipid accumulation, liver dysfunction, and protein metabolism. Medium-chain triglyceride (MCT)-rich oil was used as the fat source because its absorption and oxidation is very rapid even in the absence of carnitine (11) , and MCT is a superior energy source compared to long-chain triglycerides in the septic rat (12 feeding under pentobarbital anesthesia (Fig. 1) . The catheter was funneled subcutaneously to exit outside the body at the back and connected to a continuous infusion pump through the protective coil under the swivel device. Each rat was fasted for 24 h to simulate the initial recovery period of postoperative patients, who receive almost no food. Experimental diets and enteral feeding. The four groups of rats were fed liquid diets containing different amounts of fat, as follows: 0% (F0 group), 10% (F10 group), 20% (F20 group), and 30% (F30 group) of total calories. The composition of the diets and of the fat are shown in Tables 1 and 2 , respectively. A medium-chain triglyceride and safflower oil (long-chain triglyceride) mixture (both from Nissin Oil Mills, Ltd., Tokyo) was the fat source, and the safflower oil supplied the linoleic acid, an essential fatty acid. Casein oligopeptide (made in our institute at Snow Brand Milk Products Co., Ltd., Tokyo) was the nitrogen source (22% total calories), and total calories were adjusted to 100 kcal/100 ml with dextrin. All diets were supplemented daily with the same amount of a balanced electrolyte and vitamin mixture.
Intraduodenal feeding was initiated at 25 kcal/day 24 h after surgery, the lst postoperative day (POD). The calories were increased daily up to 75 kcal/day on POD 5. Enteral feeding was continued to POD 6 (Table 3) . No severe diarrhea was observed.
Protein metabolism and nutritional effects. Body weights were measured at the same time each day throughout the experiment. Total urine and feces were collected for each animal every day. The daily nitrogen balance was calculated by subtracting urinary and fecal nitrogen from dietary nitrogen. For the measurement of urinary and fecal nitrogen, a semi-micro Kjeldahl method was used with the Kjeltec auto analyzer (MODEL 1030, Tecator, Sweden). * Medium -chain triglyceride . Table  2 .
Fatty acids composition of MCT-rich oil in the experimental diets.
* Medium -chain triglyceride. 
RESULTS
Effect of fat intake on liver lipid accumulation and liver function Figure 2 shows the body weights of rats administered different amounts of fat in their diet. The mean body weight of each group decreased about 8% by POD 2 and, by POD 6, returned approximately to its POD 0 value. There were no F30 groups approximated those of nonseptic rats. ALP activities were also higher in the F0 group than in the other three groups, but the difference did not reach statistical significance.
Effects of different amounts of fat intake on protein metabolism and nutritional status Figure 3 shows the daily nitrogen balance, an index of nitrogen retention in the body. The nitrogen balance in all four groups was negative on POD 1 and positive POD 2 and thereafter. After POD 3, the F10 group value was the highest. On Table 6 . Serum GOT, GPT, and ALP activities in septic rats after 6 days of enteral feeding of experimental diets. 
DISCUSSION
Liver lipid accumulation (6) and liver dysfunction (7, 8) are frequently observed in sepsis, and carnitine, which carries fatty acids into the mitochondria, decreases markedly in muscle (2) and plasma (3) . Because of these observations, it had been assumed that fat is not utilized effectively as an energy source in sepsis, and carbohydrate-based parenteral solution is used commonly for energy support for septic patients. There is a risk, however, that a large carbohydrate load could cause lipid accumulation in the liver and liver dysfunction (14, 15) , so it is difficult in sepsis to supply sufficient energy by carbohydrate administration alone.
On the other hand, it was recently reported that fat is used adequately as an energy source during sepsis (9,10), so the feeding of fat to the septic patient still remains controversial. In this study, we investigated the effects of fat administered enterally on liver and protein metabolism in septic rats because enteral nutrition has been reported recently to be more physiological and to enhance the gut's immunologic function compared to parenteral nutrition (16) .
Sepsis was induced by the cecal ligation and puncture method described by Wichterman (13) , and the necrotic cecum was removed. In our preliminary study, when the cecum was not removed, the 48-h mortality rate was more than 90%, notably higher than in the F0 and F30 groups. These results indicate that nitrogen retention in the F10 and F20 groups was higher than in the other groups, and the optimal amount of dietary fat for body protein-sparing may range from 10% to 20% of total calories. The protein-sparing effect of fat administration in sepsis and surgical stress, however, still remains controversial (21) . Several investigators have indicated that the major portion of the fuel oxidized is fat, and fat should be the natural source of nonprotein energy in severe surgical stress (9, 10) . Others have suggested, in contrast, that dietary fat does not reduce nitrogen loss, and that carbohydrate significantly reduces nitrogen excretion (21) . In this study, serum TG, which is not oxidized directly in peripheral tissue, in the F30 group, was about 2 times higher than in the F10 and F20 groups. This result suggests that 30% of total calories as fat is excessive, even if MCT-rich oil is used,and the protein-sparing effect is influenced by the dietary fat/carbohydrate ratio. The concentrations of serum albumin and total protein in the F10 and F20 groups were significantly higher than in the F0 group, and they were related to liver protein content. This suggests that the administration of fat as 10% to 20% of total calories might increase the albumin synthesis of liver in septic rats. Skillman et al. (22) reported a higher rate of albumin synthesis in parenterally fed surgical patients who received fat compared to those who received glucose. They also suggested that fat intake tended to favor the synthesis of visceral protein in those patients. In general, nonesterified fatty acid concentration in blood decreases during sepsis in man and in experimental animals. Wannemacher et al. (19) reported that the decrease could be a consequence of an infection-induced decrease in plasma albumin, which is the fatty acid carrier. The albumin-bound free fatty acids are only one source of oxidizable fatty acid substrates for peripheral tissues (23) . In the present study, the groups with higher serum albumin concentrations, Flo and F20, also had higher serum nonesterified fatty acid concentrations, so the administrated fat could be used effectively in peripheral tissues as an energy source in these groups.
In conclusion, enteral fat administration in septic rats as 30% of total calories reduced liver lipid accumulation and liver dysfunction, but might have been excessive for optimal protein metabolism. Therefore, the preferable amount may range from 10% to 20% of total calories.
